Abstract. The possibility of six-center bond exchange reaction among halogen and halogen halide molecules is confirmed using ab initio quantum chemical methods. The following reactions: (Cl 2 ) 2 + Br 2 → 2 BrCl + Cl 2 ; (Cl 2 ) 2 + HI → HCl + ICl + Cl 2 and (HI) 2 + F 2 → HF + HI + IF were studied. The energy barrier for these reaction were found to be very low (<7 kcal mol). These results are consistent with the molecular beam results.
Introduction
There are only a few reaction mechanisms, which postulate termolecular reaction among three diatomic molecules [1] . However, there is no termolecular reaction available for which we have both experimental and theoretical evidence [2] [3] [4] [5] . A definitive experimental evidence for a termolecular reaction through a six centered transition state [TS] during the bond exchange among halogen molecules is available from molecular beam experiments. Dixon and Herschbach [6] has been observed by Durana and McDonald [7] . However, no theoretical calculations are available in support of these experiments. It would be interesting to know if the theoretical calculations can support the above experimental findings involving halogens and hydrogen halides. In the present work we have carried out ab initio quantum mechanical calculations for the existence of the six-center TS for the reactions R1-R3, and find that our calculations confirms the presence of six centered TS for these reactions. 
Results and Discussion
All electronic structure calculations were done using the Gaussian 98 [8] . Geometries for the TS were optimized at the Hartree-Fock (HF) level of theory using 6-311G*, MIDI!, cc-pVDZ, cc-pVTZ, cc-pVQZ (for H, Cl and Br), SDB-cc-pVTZ, SDB-ccpVQZ (for I only) and LANL2DZ basis sets [9] [10] . The second order Moller-Plesset perturbation theory (MP2) methods and density functional theory (DFT) methods, B3LYP, B3PW91 and BHandH [10] were also used to optimize the geometries using the above basis sets. The TS were verified by checking for the presence of only one imaginary frequency (ν) and by performing intrinsic reaction coordinate (IRC) calculations. The energy barrier (E b ) for the reactions was obtained after zero point energy corrections.
The calculated E b and ν values are listed in Table 1 . The HF energy barriers are found to be much higher than the MP2 and DFT energy barriers emphasizing the significance of the correlation energy in cyclic systems. The MIDI! basis set gives lower E b values compared to the 6-311G* basis set for both the HF and DFT methods. It is significant to note that all the DFT methods predicts low barrier heights in the range of 5-7 kcal/mol for R1 and R2 which is in good agreement with the experimental results. However, for R3 the DFT methods yield negative E b values. These negative values could be due to tendency of the DFT methods to underestimate the energy barriers or due to the numerical errors associated with the absence of pruned grids for iodine atoms in DFT methods as implemented in Gaussian 98. These negative values may not be due to relativistic effects, as the use of relativistically corrected LANL2DZ basis set also leads to negative E b values. The flatness of the potential energy surface around the transition state region also makes it difficult to detect it accurately. Under this scenario, it can be safely assumed that R3 has near-zero energy barrier.
The TS structures obtained using HF/cc-pVTZ and B3LYP/cc-pVTZ methods are given in Figure 1 . All the TS geometries were found to be planar. The TS geometries look more like a bulging triangle, rather than as a hexagon as expected for six centered reactions, with the heavier atom at the corner of the triangle and the lighter atom at the middle of the bulging sides of the triangle.
Conclusion
The present ab initio calculations clearly confirms the possibility of six-centered exchange reactions: (Cl 2 ) 2 + Br 2 → 2 BrCl + Cl 2 ; (Cl 2 ) 2 + HI → HCl + ICl + Cl 2 and (HI) 2 + F 2 → HF + HI + IF with low activation barriers. These results are in agreement with the molecular beam experimental results.
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